The T-cell receptor as immunoglobulin: paradigm regained.
The quest to determine the molecular nature of T-lymphocyte receptors for antigen was a "holy grail" to immunologists for over 25 years. This paper updates a review written 15 years ago (Marchalonis JJ, Hunt JC. Proc Soc Exp Biol Med 171:127-145, 1982), which proposed that "these molecules apparently do not bear determinants specified by the major histocompatibility complex, but express Ig-related variable regions and constant regions unique to T-cell products." We review subsequent contributions from molecular biology, protein chemistry, peptide immunochemistry, and structural biology establishing that T-cell receptors (TCRs) are members of the immunoglobulin family restricted to T cells that share 3-dimensional structural features, sequence homology, antigenic cross-reactivity, and common mechanisms of diversification with conventional immunoglobulins. These molecules and their light- and heavy-chain siblings appeared contemporaneously in vertebrate evolution with the emergence of sharks. We illustrate how extrapolation of concepts from immunoglobulin to T-cell receptors has aided in the understanding of these often enigmatic molecules, and, conversely, how concepts derived for T-cell receptors such as the role of "superantigens" can be directly applied to conventional immunoglobulins. A second precept that follows from the symmetry of the combining sites of Igs and TCRs is that MHC-restricted antibodies should exist. Such molecules have in fact been reported, and the x-ray crystallography for T-cell receptors suggests that the combining sites recognizing simultaneously MHC and peptide epitopes resemble the combining sites of antibodies directed against protein determinants. Additional immunoglobulin molecules of nonmammalian species have been detected and characterized based upon conserved homology to TCR and Igs, and it is anticipated that further study will enable the identification of more antigen-specific members of the family in mammals as well.